Axon initial segment structural plasticity in animal models of genetic and acquired epilepsy.
A novel form of neuronal plasticity, occurring at the axon initial segment (AIS), has recently been described. Lengthening of the AIS and movement away from the soma are consequences of changes in neuronal input and result in alterations in neuronal excitability. We hypothesised that AIS plasticity may play a role in epilepsy, due to chronic changes in neuronal activity. Immunohistochemistry and confocal microscopy were used to analyse AIS length and position in pyramidal neurons in deep layer 5 of the somatosensory cortex from 5 mice with genetic epilepsy and 4 controls, and from 3 rats subjected to amygdala kindling and 3 controls. The effect of a subtle alteration of AIS position was modelled computationally. We identified a difference in the position of the AIS in animals with seizures: in mice the AIS was positioned 0.2 μm further away from the soma, and in rats the AIS was positioned 0.6 μm closer to the soma compared with controls. Computational modelling indicated that a subtle alteration in AIS position could result in a change in action potential firing threshold. The identification of AIS plasticity in animal models of epilepsy is significant in furthering our understanding of the pathophysiological mechanisms involved in this disorder.